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(57) ABSTRACT 
The invention relates to a spectrometer including a 
rotatable dispersive element, a stepping motor for vary 
ing the angular position of said dispersive element, a 
program transmitter for controlling said stepping mo 
tor, a timing generator and a recording instrument. 

4 Claims, 1 Drawing Figure 
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APPARATUS FOR CONTROLLING AND 
MONITORING THE DISPERSIVE ELEMENT AND 

RECORDING INSTRUMENT IN 
SPECTROMETRIC APPARATUS 5 

BACKGROUND OF THE INVENTION 
The invention relates to a spectrometer wherein a 

spectrum is scanned by the rotation of a dispersive ele 
ment. The wavelength or the wavenumber may be 
selected as the input variable. Depending on the se 
lected input variable, the dispersive element will be 
rotated by such an angle that the radiation correspond 
ing to the preselected wavelength or wavenumber, 
respectively, will be incident on the exit slit of the spec 
trometer. Usually, the recording strip of a recorder is 
moved in the abscissa direction in linear dependence on 
the input variable, i.e. either on wavelength or the 
wavenumber, and the associated absorption or transmis 
sion is recorded in ordinate direction. 20 

Generally, the relationship of the input variable to the 
respectively associated rotational angle of the disper 
sive element will be non-linear. When a grating is em 
ployed as the dispersive element, said non-linear rela 
tionship will be represented by an angular function. If 25 
the wavelength serves as the input variable, the sine of 
the rotational angle will be proportional to the input 
variable. If the wavenumber serves as the input vari 
able, the proportionality will exist between the input 
variable and the reciprocal of the sine of the rotational 30 
angle. 

In known apparatus the non-linear relation was real 
ized by lever gears, the input adjustment of which was 
linearly dependent on the input variable and the output 
adjustment of which produced a rotational angle de- 35 
pending on the input variable, in accordance with the 
respectively desired function. An example of such me 
chanical equipment is shown in German Auslegeschrift 
No. 1,159,663. 
When a prism is employed as the dispersive element, 40 

an empirically determined function, which cannot be 
represented analytically, will result as the relationship 
between the input variable and the rotational angle. As 
a result the function has to be stored on a control cam 
plate, which is scanned by a sensing lever. 45 

All such mechanical gear means require high preci 
sion and accurate adjustment and thus are expensive to 
manufacture. Furthermore, there are difficulties in de 
signing a spectrometer in such a way as to enable the 
spectrum to be scanned, selectively, in dependence on 50 
either a linearly variable wavelength or a linearly vari 
able wavenumber. 

It is known to use a stepping motor as the adjusting 
motor for the dispersive element. However, when the 
stepping motor was controlled, selectively, in accor- 55 
dance with either the wavelength or the wavenumber, 
mechanically operated gear means had to be provided 
intermediate the stepping motor and the dispersive ele 
ment (German Offen legungsschrift No. 2,513,225). 

U.S. Pat. No. 3,976,378 shows a spectrometer in 60 
which the recorder and the mechanism for rotating the 
prism are each driven by a separate stepping motor. The 
pulses for advancing both of the stepping motors are 
generated by a common timing pulse generator with a 
frequency divider, providing for the two different rota- 65 
tional speeds. However, these two speeds are in a well 
defined ratio with respect to each other. The mecha 
nism for rotating the prism comprised a cam plate, 
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2 
which transformed the rotational angle of the stepping 
motor, varying linearly with the desired wavelength, to 
the prism, the rotation of which varied non-linearly 
with the wavelength. 

Furthermore, a computer controlled spectrometer is 
known, which included a rotatable dispersive element, a 
stepping motor for varying the angular position of said 
dispersive element, a program transmitter for control 
ling said stepping motor, a timing pulse generator, and 
a recording instrument (Applied Spectroscopy, Vol. 28, 
No. 1 (1974), Pages 45 to 51). 

In said known spectrometer the spectrum was 
scanned step-wise in equal steps of 1 cm with each 
step being within a preselected wavenumber range. 
This operation was controlled by the program transmit 
ter by adjusting the monochromator to the initial wave 
length, determining the base line and, in each step, ad 
justing the multiplier voltage and taking the measure 
ment. After each measurement a test was performed to 
determine whether or not the terminal wavelength of 
the wavelength range to be scanned had been reached. 
If not, the monochromator was advanced by one step in 
wavenumbers and the subroutines "Adjusting multi 
plier voltage' and "Measuring' were repeated. 
Advancement of the monochromator by equal steps 

in wavenumber was achieved by means of a stepping 
motor. Each step thereof had to correspond to a con 
stant step of 1 cm in wavenumbers. Since, as stated in 
the publication, the relationship between the wavenum 
bers and the number of steps of the stepping motor was 
non-linear, it was necessary to provide non-linear gear 
means intermediate the stepping motor and the disper 
sive element in order to realize continuously equal steps 
in wavenumber. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the invention to provide 
a spectrometer of the class described, using simpler 
means and without employing expensive mechanical 
gearing. 
The foregoing and other objects of the invention are 

accomplished by providing a spectrometer comprising: 
(a) a program transmitter including a register, in the 

positions of which are stored the values of a func 
tion representing the non-linear relationship of the 
angular position of the dispersive element with 
respect to the wavelength or wavenumber, respec 
tively; 

(b) a timing pulse generator connected to said register 
for addressing each one of the positions thereof, 

(c) adjusting means for adjusting the stepping motor 
corresponding to the contents of addressed register 
positions, respectively, and 

(d) the timing pulse generator being connected to a 
recording instrument for controlling the advance 
thereof in the abscissa direction. 

Thus, in the spectrometer according to the invention, 
the dispersive element is controlled digitally, i.e. in 
discrete steps and in dependence on an input variable 
given in the form of a sequence of pulses, which is the 
sequence of timing pulses. The non-linear function is 
digitally provided by the program transmitter. Such a 
device may be assembled from a commercially available 
stepping motor and commercially available digitally 
operating electronic components. Mechanical non-lin 
ear gear means can be dispensed with. 
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BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE is a schematic block diagram showing 
the drive means for a dispersive prism in a spectrometer, 
according to the invention. "... 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the embodiment of the invention illustrated, a 
timing pulse generator 10 supplies high frequency 
pulses to a frequency divider 14 via line 12. A first 
sequence of timing pulses is generated by frequency 
divider 14 at an output 16 and a second sequence of 
timing pulses at output 18. The frequency divider 14 is 
designed to be switched between different divisional 
ratios, separately for each one of the outputs, 16 and 18. 
The output 16 of the frequency divider 14 is con 

nected to a program transmitter 20, which includes two 
program registers 22 and 24. One of the program regis 
ters 22 includes a fixed-value register (ROM) for storing 
the non-linear function, which represents the relation 
ship of the wavelength to the rotational angle, and the 
other program register 24 includes a fixed-value register 
(ROM) for storing the non-linear function, which repre 
sents the relationship of the wavenumber to the rota 
tional angle. The positions in the fixed-value register are 
addressed in series by the timing pulses of the timing 
pulse generator 10 or (in the case of a frequency divi 
sion) by the frequency divider 14. In addition, means are 
provided for converting the non-linear function, as 
derived from the fixed-value register, into a correspond 
ing pulse sequence at an output 26. The selected one of 
said fixed-value registers is adapted to be switched on 
by switch 28. 
The register function may also be performed by a 

computer in the case where the relationship between 
the input variable and the rotational angle is given by a 
function which can be represented analytically, such as 
by a sine function, for example. In such a case the pro 
gram transmitter includes a computer for computing the 
function depending on the timing pulses applied thereto 
and means to generate a sequence of pulses in accor 
dance with said function, said sequence of pulses being 
fed to the stepping motor. Also, in such a case, different 
programs, which may be selectively called, may be 
provided for computing different functions. 
The sequence of pulses at output 26 of the program 

transmitter 20 is applied to a stepping motor 30. The 
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4 
stepping motor 30 rotates a table 32, which carries a 
dispersive element 34 (grating; prism) placed in the path 
of the rays of the spectrometer. 
A second stepping motor 36 is connected to the sec 

ond output 18 of the frequency divider 14. The stepping 
motor 36 through a shaft 38 drives the recording drum 
of a recorder 40 in the abscissa direction (circumferen 
tial direction) in linear dependence on the input variable 
as given by the timing pulses. The transmission or ab 
sorption, respectively, as measured will be recorded as 
usual in the axial ordinate direction. 
What I claim is: 
1. A spectrometer including a rotatable dispersive 

element, a stepping motor for varying the angular posi 
tion of said dispersive element, a program transmitter 
for controlling said stepping motor, a timing pulse gen 
erator, and a recording instrument, 

(a) said program transmitter comprising a register, in 
the positions of which are stored the values of a 
function representing the non-linear relationship of 
the angular position of the dispersive element to 
the wavelength or wavenumber, respectively, 

(b) said timing pulse generator being connected to 
said register for addressing each one of the posi 
tions thereof, 

(c) adjusting means for adjusting the stepping motor 
corresponding to the contents of the addressed 
register positions, respectively, and 

(d) said timing pulse generator also being connected 
to a recording instrument for controlling the ad 
vance thereof in the abscissa direction. 

2. A spectrometer according to claim 1 wherein said 
dispersive element is a prism. 

3. A spectrometer according to claim 1 wherein said 
dispersive element is a grating. 

4. A spectrometer according to claim 1 or 2 or 3 
wherein said program transmitter includes a first ROM 
in the positions of which are stored the values of a 
function representing the non-linear relationship of the 
angular position of the dispersive element to the wave 
length, and a second ROM in the positions of which are 
stored the values of a function representing the non-lin 
ear relationship of the angular position of the dispersive 
element to the wavenumber, 
and wherein said adjusting means includes means for 

selectively switching said first ROM or said second 
ROM to said stepping motor. 
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